Our case involves a 53 year old woman. Three years ago, she was investigated because of normal hemoglobin levels despite very a low erythrocyte count, which was revealed during the preoperative evaluation for ovarian cyst operation. The Direct Coombs test was found to be positive against complement and negative against IgG. Cold agglutinin titer was 1/448 (+). Due to the polyclonal IgM increase, secondary cold agglutinin disease (CAD) was considered but no factor could be found that would lead to cold agglutinin disease. During the post-operative follow-up, cold agglutinin titers increased with fluctuations in the patient. Twenty-four months after transabdominal hysterectomy and bilateral salpingooopherectomy operation, diagnosis of Hashimoto disease was made upon detection of subclinical hypothyroidism. No case of Hashimoto disease associated with CAD caused by polyclonal IgM has been reported until the present time.
Introduction
Cold antibodies are generally IgM autoantibodies directed against polysaccharide antigens of erythrocytes. These exhibit increased titers and erythrocyte binding affinity as the temperature approaches 0°C [1] . Cold antibodies lead to two different clinical syndromes: Paroxysmal cold hemoglobinuria (PCH) and cold agglutinin disease (CAD).
PCH occurs following upper respiratory infection mostly in pediatric population with IgG antibodies (reactive against P antigen on erythrocytes). Spontaneous improvement follows the severe acute attack in days or weeks [2] .
CAD is a hemolytic disorder characterized by the production of cold agglutinins. Most cold agglutinins are IgM, with the remaining being rarely IgG and IgA. In CAD, majority of cold agglutinins have anti-I specificity (reacting more strongly to adult erythrocytes), minority of them express anti-i specificity (reacting more strongly to cord erythrocytes). CAD may be primary (idiopathic) or secondary [1, 3] .
Primary CAD occurs typically in the elderly and mostly in women. The responsible antibody is nearly always monoclonal IgM kappa. As seen in the other MGUS (monoclonal gammopathy of unknown significance) cases, B-cell neoplasia may develop ultimately [1] .
Secondary CAD may be present with B cell neoplasias (CLL, Waldenstrom macroglobulinemia, myeloma, other lymphomas), solid tumors (squamous carcinoma of the lung, metastatic adenocarcinoma of the colon, basal cell carcinoma, metastatic adrenal carcinoma, mixed parotid tumor), infections (most frequently Mycoplasma pneumonia, Epstein Barr virus) or autoimmune diseases (scleroderma, primary Sjogren's syndrome, adult Still's disease, SLE, rheumatoid arthritis) [1, [4] [5] [6] [7] [8] .
The responsible antibody is monoclonal IgM in B-cell neoplasias and solid tumors and polyclonal IgM in infections, connective tissue diseases and nonHodgkin lymphomas [4, 9] . Cold agglutinins should attach to erythrocytes and then complement fixation and activation should take place for hemolysis. Antibodies attaching to erythrocytes in the peripheral cold regions bind the complement in warmer regions of the body. Complement shows optimal effect in warmer temperatures than the one at which fixation occurs. In the warmer central regions of the body, cold antibodies leave the erythrocytes. This discrepancy explains the fact that hemolysis is mostly mild in CAD. The wide range of thermal amplitudes of cold agglutinins means ability to bind to erythrocytes is maintained with increasing temperature (reactivity at 28-31°C and even at 37°C), which increases severity of hemolysis. However, high antibody titers with narrow thermal amplitude lead to hemolytic bursts in cold environments. Generally a moderate and compensated hemolysis is present. In some patients, intermittent hemoglobinuria may be seen in cold weather. Cyanosis, pain and numbness may arise from erythrocyte agglutination in the cold peripheral regions of the body (fingers, nose, ears). These signs and symptoms disappear when affected regions are warmed [1] .
CAD comprises 10-20% of all AIHA with a prevalence of 14/1.000.000. It is found more frequently in women. Genetic and ethnic factors contributing to the pathogenesis of the disease are not known [3] .
Case Report
Abnormal erythrocyte indexes and incompatible RBC, Hb, Hct values were found preoperatively in a 51 year old woman admitted to the department of gynecology 3 years ago for the operation of an ovarian cyst. CBC was repeated, but similar results were found: WBC, 7280/mm 3 Bedside cold agglutination test was positive. We then measured cold agglutinin titer and found it to be 1/448 positive (normal: <1/28). Direct antiglobulin test was negative against IgG, but positive against complement (C3d). Serum immunofixation electrophoresis revealed an increase in polyclonal immunoglobulin M.
Decreased central pallor in erythrocytes and spherocytes were found on blood smear ( Figure 2 ). Hemosiderinuria was positive and ferritin (14.7 ng/ mL) and transferrin saturation (13%) were low. Protein electrophoresis, and C3, C4, bilirubins, haptoglobin, LDH and reticulocyte levels (0.9%) were normal.
General status of the patient was well, there were no symptoms or findings as weakness, dark urine, pallor, acrocyanosis, icterus.
She had no loss of appetite, weight loss, fever or perspiration. BMI was 32 kg/m 2 . Her BP was 120/80 mmHg, pulse rate was 86/min and rhythmic; no pathologic finding was observed on cardiovascular and respiratory system examination. There was no hepatosplenomegaly and lymphadenopathy. Thyroid examination was normal.
The patient was in the postmenopausal period and had been hypertensive for 5 years and diabetic (type 2) for 18 years. The patient's mother and brother had type 2 diabetes. The patient was taking insulin (for 5 years) and valsartan (for 4 years).
Acute phase reactants were normal (WBC, CRP, protein electrophoresis, ESR, haptoglobin, ferritin). Infection markers including Rubella, CMV, HSV, EBV, Hepatitis B, Hepatitis C, HIV 1-2, brucellosis, syphilis, Mycoplasma pneumoniae, toxoplasmosis were negative (Table 1 ). ANA measured by immunofluorescence method was mildly positive (IgG, 1/100, speckled), Anti ds DNA, ENA profile, RF were negative.
Solid tumor markers were negative (Table 1) . Abdominal CT findings were as follows: subserous calcified nodule (1 cm) compatible with myoma in the uterine fundus and a mass in the right ovary with cystic and solid components. Thoracal CT was normal.
Transabdominal hysterectomy and bilateral salpingooopherectomy were performed avoiding cold environment and cold fluids. Histopathological diagnosis was benign serous cystadenoma.
After the operation cold agglutinin titer was measured every 3 months. Cold agglutinin titers followed a fluctuating course and ultimately increased to 1/1792 (at +4°C). Four months ago, when generalized body pain, fatigue, tendency to sleep and cold intolerance developed, thyroid hormones were again tested. TSH was 11.6 uIU/mL and FT3, FT4 were normal. Anti TG was positive and anti TPO was negative. On thyroid ultrasonography the thickness of both thyroid lobes and isthmus was enlarged, diffuse hypoechoic heterogeneous appearance with linear echogenic septas were found. Thyroid scintigraphy revealed increased activity involvement in the middle zone of the right lobe and homogeneous activity distribution in the left lobe ( Figure 1 ). Fine needle aspiration biopsy of the thyroid was compatible with lymphocytic thyroiditis (Figure 3 ). Synthetic L-tyroxin was started with an initial dose of 25 mcg/day and the dose was increased to 50 mcg/day after ten days. When measured one month ago, TSH was found to be 23 uIU/mL (FT3, FT4 normal), L-thyroxin was increased to 100 mcg/day. The patient's complaints of generalized body pain, fatigue, tendency to sleep and cold intolerance disappeared with the L-thyroxin replacement. Cold antibody titer was still elevated (1/1792).
The patient was given iron for mild iron deficiency. Hemoglobin increased from 12.3 g/dL to 13.3 g/dL.
Discussion
Our patient had no complaints or signs related to hemolysis. Spherocytosis was present on blood smear. Direct Coombs test was negative against IgG and was positive against C3d. Hemosiderinuria was positive. Bedside cold agglutination test was positive, cold agglutinin titer was 1/1792. Immunofixation electrophoresis showed an increase in polyclonal IgM. Secondary CAD was diagnosed [1, 3] . Reticulocyte, bilirubin, haptoglobin, LDH, C3, C4 and haemoglobin levels were within the normal range indicating that hemolysis was mild and compensated. This could be related to narrow thermal amplitude and relatively low titers of cold agglutinins [1] .
Secondary CAD may occur with infections, haematological and nonhaematological malignancies and autoimmune diseases [1, 3, 9] . No symptoms, clinical or laboratory findings related to infection were present in our patient. No clinical or laboratory findings related to haematological malignancy were found. Solid tumor markers were negative. Thoracal and abdominal CT revealed no pathologic finding except for ovarian cyst and myoma.
Warm AIHA arising from benign ovarian cyst have been reported [10] . Therefore, we measured cold agglutinin titers periodically after the ovarian cyst was removed. However, cold antibody titers increased with a fluctuating course.
Autoimmune diseases including scleroderma, SLE, adult Still's disease, Sjogren's syndrome and rheumatoid arthritis have been reported to be associated with CAD [4] [5] [6] [7] [8] .
In our patient, there was no autoimmune disease associated with CAD because clinical and laboratory findings related to these diseases were absent and nonorgan-specific auto-antibodies were negative (except for ANA) ( Table 1) .
Thyroidal autoantibodies were not measured at the beginning because thyroid hormones and TSH were normal. In addition to this, textbooks did not mention an association between CAD and Hashimoto, and there was no such report in the literature. Upon detection of subclinical primary hypothyroidism, Hashimoto's disease diagnosis was established.
Hashimoto's thyroiditis should be considered as an autoimmune condition [11, 12] . In patients with organ specific autoimmune disease, there is a tendency to a second organ specific autoimmune disease. In addition, there is a tendency to develop non-organ-specific autoantibodies without systemic autoimmune disease [13] . Our patient may be an example for this [12, 13] (ANA was 1/100 titer positive by IF method. ) We know that Hashimoto may present with many autoimmune diseases including SLE, RA, scleroderma, Sjogren's syndrome, superficial vasculitis, warm AIHA, pernicious anemia, immune thrombocytopenia, type 1 diabetes mellitus, Addison's disease, hypogonadism, hypophysitis, celiac disease, dermatitis herpetiformis, chronic active hepatitis, vitiligo, alopecia and myasthenia gravis [14] [15] [16] [17] [18] . Our investigations did not reveal any clinical or laboratory findings related to these diseases. We conducted a literature search using the key words given. Three cases with AIHA related to warm antibodies accompanying Hashimoto's disease have been reported [19] [20] [21] . The only case reported until today with CAD accompanying Hashimoto's disease was a subject of B cell neoplasia with monoclonal IgM [22] . However, CAD with polyclonal IgM accompanying Hashimoto disease has not been reported yet. The patient has been followed-up for three years now and there were no findings of infection or neoplasia; furthermore CAD related laboratory findings did not resolve. We could not discover any autoimmune disease other than Hashimoto disease. Thyroid antibodies can become positive years before manifestation of hypothyroidism. Therefore, we are in the opinion that Hashimoto disease might be included in the list of autoimmune diseases which are reported to be associated with secondary CAD.
In conclusion, we would like to emphasize that Hashimoto's disease should be kept in mind while investigating autoimmune conditions that may be associated with CAD. 
